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Therefore, processes wh.ch pi educe , ^ ^ 

able polymer products. ^atment. it is particularly ,m ^^ a "Svasthe high molecular 

Sontentof the Po'y" 1e ^^ U ^ fl ^STnitetor, extended holds -•^J^SST Therefore, unless 

Thearthaslongsoughtaninexp l ht ^button. of efficient chain transfer 

agents, butthis approach has severa o fe ^ that structure wtfl nave ^ 

blinking, .nd high °' ^J.P"""'* 8 "*?" ^^^ium rtWK 

does not decompose eftae >ntty « polyme rization. a mea nsfor controlling 

to generate enough f 1 *^! Revels of initiator have als ^jj" ^ ton tefrom about 
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™° to be a high boiling solvent, preferably from about 0 to aoo P» .^^^ alcoh( j s , a ^ 

Sg point above 100-C and preferably ^ b ^ e Jf nd C J t ^ o^ r solvents disdosed are aromatic solvente 
cohol and glycol ethers, esters and mixed e hers ^•""VjJJ . rf there te min imal reaction, some glycols 

r u ^Uen^ 

v^nte a« CeltoVolve acetate and isoparaffinlc W™f» n * w _ 2 „ Q (1991) , spychaj and Hamielec disdose 
Ve In the journal of Applied Polymer Scence^ VJL «. ^^LTJ^, of acry , ic acid at high temperate, 
an unsuccessful attempt to continuously P<^*« and tetramers aS the major reactoon products. 

The result of their attempts was a mixture of doners . °^^ nuoU s bulk process for the polymer- 

S-A-4414.370 to Hamielec et al disdoses a ^"^^'l^ nt by weight, based onthe total mono- 
izatio^myrene with acrylic acid. The process allows for up to 20 percent^ y g^ ^ ^ 

mTtoUhighboilingso.^ 

US A-4.529.787 to Schmidt et al. disdoses a ^ em ^ 0 7 up to 2 5 percent by weight, based on the 

SS^d with 0,-C,„ *»* buM .the. .nd (c) «m 0 » «P^£ 

(iO high temperature aqueous processes wnic ' ° rf he result ing polymers; 

SnsL agents as ameans of cor^l ^^r^Un'.ycarboxy.teac.ds having number average mo- 

(ill) high temperature aqueous processes wnicn 

[ecular weights below 1 0*00; aojds having numb er average molecular weights betow 

(Man aqueous polyrner mixture of poiycaro y ^ A . 

V.OOOandapolydispe^ 

(v) a polymer mixture havmg a suff .cienuy mv y , ev el. 

Uho'ut raising the Po«ydispers.ty of ne P^uct to jnj^ P^^ for a od 

-ESSE SSSi- — ' — * •" e9Sure - 8 ""^ 
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zation of said monomers, and 

^^^^^^ 

"^»«y II- one o, more certK*y«n 

S,»moV<,pr=.e-eWy.tt.eoneormo,ee,«o«».,cao«m ^ ^ 

"" Th . e=« n»non,«s eseU In .... ■^^J^SJSS^^-^-SSE 
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Sated carboxyl-free monomers which are suitable jor this mv ^ methy) acry(atei ethyt 

JS^ S S example C, -C, alM esters me thacry.ate and isobuty. methacry- 

ISe butyl acrylate. methyl TO .hacfylate, e.W ^^ acrylate> hy d roX ypropyl acryiate. 

«f tntai Dolvmerizable monomer. A preferred range i* 

about 230-C, and moat pcafafawy from aMU ' ^ ™ . Mva about 240°c. convata«.n of tha 
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,„ another embodiment of the Present i^entioMhe 
carboxytic acid monomers in the presence of a ^r^,^ reaction with the polymenzmg 

gen Son* which can be abstracted by 8 p0 ,y(vinyl alcohol); polyethylene glycol); 
Svdnc alcohols such as sugars, glycerol, ^^f^' embodiment the reactive substrate 
h pct"p,o ~ ne glycol): and certain enters ^^^^ < X^ aM es and sugars. In another embodi- 
selected from sorbitol, sucrose, glucose, or other 

Lit of the invention the graft "*^3£K«X- invention the reactive substrate . poly (ethy- 

When a reactive substrate is used in "^^X^of the reaction mbdure. Preferable 
subsfrate can be present at a level of up to ^"^J^IO to about30 percentby weight of the reactor, 
SSTe substrate when used, is P-sentata lew* ^ ^SiJn mLre as aheel charge, as a feed or both. 

reduced by any of several techniques. mer |n a pcymer mixture Is post 

(c) discharging the polymer product Into £ ne ^ ^ by: 
d reducing residual to the polymer product; and 

in a batch process, the residua, process, the post-polymerization add-on • 

reactor or in one or more downstream reactorsjn _ a co nb nu P downstre am reactors and adding one 
Stormed by discharging the contents of the. raacto ^"^ ° ne ^ stream reacto rs suitable for conducbng a 

downstream reactors which are mainto.net at or I ^^^SL^ content of polymer mixtures are weU 
SatoS and reducing agents suitable •»'«*'fj; m |tiator or reducing agent will depend upon the 
^own to those skilled In the art. The choice , <J '^Jf*** ™* ey are in contact with the pdymer modure 
temperature at which they are ■^"f^SJ^'SS ^ the polymerization are alsoeuteble tor 
*t Particular temperature. Generally, any of the ■ post-polymerization addition of mi- 

rlducSe^ 

reducing agents is done at a addition of initiators or reducing 

ature initiators, such as persulfate. .may also * W-Cto the temperature at which the polymer 

SS IS^pSS^^ 55 - about 80 to about 180OC ' 

SSSSTon"^ total amount of ^^^^^ agents to the polymer mixture generally 
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performance characteristics of the acid8 havi ng low molecular weights and nar- 

The process of the present '^"^^^^Ss which do not require the removal of orgamc 
row polydispersities. Furthermore, the process resuus in p invention can be used 

ZH and are not contaminated below 10.000. preferab.y from 5O0 

tinu '" s proems may be conducted in a contn.ous^d preset ( J ^ ^ one ad . 

continuous addWon of reacten* and continuous ^ and . op «ona..y. some of the graft 

vantage to using CSTRs. Generally, the CSTR * > ^ then neated to tne desired 

substL (if used) or a smai. monomers, the initiator, and the graft sub- 

temperature, and the feeds are begun. P^erably. the oneo ^ ^ the rate at 

JL. If used, are each fed as <*2»££ a^ns^t voiume is maintained in the reactor. Preferably, 
which product is removed from the XSTR soth* ;a conn ^ ^ process gnd t 

the reactor is operated at. or near, the maxtmum v ^ e t °^za can occur. The rate of addition of the 
2L the head space volumes ^^^^CTaUeS about 2 minutes. Preferably, in the 

T^enTc^ 
acid standard unless specifically stated otherwise. 
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Example i/\ 

monomers) and initiator solutions was f .lied to capactty wnrr oe ^ ^ dejonjzed water , 

SLr « heated to 2°°' C - A ™"°^ 

and an initiator solution of 2.0 percent by h jJ^£ hrough their respective inlet ports. At the same 
pumped simultaneously to the ^ * ^ * "^JS toXharge contents of the CSTR ata rate of 10.0 
Sme these feeds were started the ^ £^E52J5 pLiding a residence time of 10 minutes^ 

. . _ . ^ oa cAiMe in Table 1 below. 



Ai equiiiuiium, vn« ■ 

ported as target % solids in Table 1 below 

Example 1B 



Example id . 



Example 1C 



Exam ple 1D . 
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SSntTy w*!K '• ™ "TZ « 25 11*1 « MUllWum. th. ameunt o. nolle Md 

solids in Table 1 below. 

Table 1 



to 



f5 



20 



25 



30 



35 



40 



Example 


Target % Solids 


M w 


M n 


D 


1A 


10 


2,130 


1830 


1.16 


1B 


20 


2,560 


2170 


1.18 


1C 


60 


9,750 


3920 


2.49 


1D 


70 


11,800 


850 


13.88 



60% solids in Table 2 below. 

Table 2 
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Example 


% Solids 


M w 


M„ 


D 


46 


2A 


20 


1870 


1570 


1.19 




2B 


40 


1900 


1590 


1.19 




2C 


60 


2070 


1670 


1.23 



M„ of the resulting polymer mixture was Kepi y 
increased. 

8 
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-j/mm and thrown the initlatot port at a rate of 5 nama. in" t~ capacity. Ttia watai heing 

below. 

^^p^aaS^a^waa^a^ 
in Table 3 below. 

Example 3C replaced with sucrose, no 

Table 3 
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Example 


Substrate 


M w 


M n 


D 


3A 


Sorbitol 


3350 


2480 


1.35 


SB 


Starch 


3160 


2560 


1.23 


[3C 


Sucrose 


4080 


3190 


1.28 
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of the reactive substrates. 

CSTR equipped wKh a te ^^^ 
monomers) and initiator solutions was filled to though the monomer inlet port at a rate of 3.1 

Te wate? was heated to 160°C. Deionized water was J^routlet port was opened to discharge contend 
™Zn and through the initiator port at a rate of 2.9 ml/m.n. The o p The water being 

^1 S?R at a rate of 6.0 ml/min thereby ma.ntam.ng •JJ^'SiS* by weight acrylic acid In deion- 

Ld water, and an initiator so.ut,on * * £^j££ ^3.1 ml/min and 2.9 ml/min. respec^ 
which were pumped simultaneously to the CSTR at 1 ^ es , e 4Awlth cha nges In reaction tom- 

Ex^ples 4B through 41 were .conducted in a ««f r^^„,^«^<*4p^by^W 
peralrTand^^^ 

TySogen peroxide (30 percent) ^^^S maieic anhydride in deionized water ted aUO 
4A except that the monomer solution was 33 percent oy a ml/min. Example 4G was con 

anhydride fed at 7 ml/min. 

9 
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Table 4 



Example 


T 

Temp. (°C) 


nitiator 




,v, w 

— " 




D 




Type 


Level 


4A 


160 


H 2 0 2 


2% 


8220 


AOPX\ 


1.92 


4B 


190 


H 2 0 2 


2% 


6547 




1.86 


4C 


220 


H 2 0 2 


2% 


4250 


077fl 


1.53 


4D 


160 


H 2 0 2 


4% 


4010 


OUi u 


1.31 


4E 


220 


H 2 0 2 


4% 


2840 


23oU 




4F 


220 


tBHP 


33% 


493 


AA1 
*Ht 1 


1.10 


4G 


210 


tBHP 


5% 


12800 


6830 


1.89 


4H 


200 


tBHP 


26% 


555 


483 


1.15 


41 
4J 


185 


H 2 0 2 


26% 


536 


471 


1.14 


185 


H20 2 


4% 


409C 


1 1 1920 


2.13 



aka nf the Dolvmer product as the temper- 

actor. 

"^F^nbrandpressure^^^ 

a pre^auge. a rupture disc a stirrer "n^oo of the reactor we. ^ and the 
nrams of PEG (Mw =3400) and 500 grams of de,on,zed , "f^' „ actor unti | the pressure was 67.7 to 84.7 k 
?ea"or was inSd wRh nitrogen. A vacuum ^.^^^ S?^o*-- « " repared: * """S 
p a So^25 inches Hg). The reactor contents were then heated » to fee d of 81 grams of 70 

Zi S 300 gmms gTaclal acryiic acid and 200 ^^^ e ^were fed linearly and separately into 
p^cent by weight t-BHP and 289 grams of ^"f^tw^e^mpleted, 1 0 grams of *°*^™* T ™Z 
the stirring, heated reactor over ^^^^alrlntents were held for an additional 30 mmutes at 

h o tthat3225gram S of70 P ercentbyweightt-BHPsolution 
TheprocedureofExample5Awasfollowedexceptthat32.25grams 

was used. The data appear in Table 5 below, 
was used. The data appear in Table 5 below. 

-- -- * 8,,60 ° c ™ 

data appear in Table 5 below. 
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water and no PEG. The data appear in Table 5 below, 
in Table 5 below. 

weight H 2 0 2 . The data appear in Table 5 below. 

Table 5 
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Example 


WtRatioAA/PEG 


M w 




D 


30 


5A 


30/70 


2350 


1560 


1.51 




5B 


30/70 


2000 


1170 


1.71 




5C 


30/70 


1410 


1090 


1.29 


35 


5D 


30/70 


1450 


1070 


1.35 




5E 


50/50 


2710 


2030 


1.33 




5F 


70/30 


885 


705 


1.25 


40 


5G 


100/0 


1650 


1140 


1.45 




5H 


0/100 


343 


235 


1.46 




51 


30/70 


1900 


1290 


1.47 



me data ■» ™ e*- J- — - ^ J- «S J=« - - -» - - 
by weight H 2 0 2 . The data appear m Table 6 below. 

11 
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percent by weight HaQt- The data appear m Table 6 below. 

Example 6C . . 

percent by weight H 2 G 2 . The data appear ,n Table 6 be.ow. 

Table 6 
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j Example 


Solids (%) 


Mw 


M„ 


D 


6A 


15 


3240 


2810 


1.15 


6B 


33 


5330 


3510 


1.52 


6C 


50 


17600 


5390 


3.27 



20 



to increase 

monomers) and initiator solutions ^ "J^*^£^ through the monomer inlet port at a rate of 2.7 

Z waters heated to 215»C. Dek, *^S55K?X °u«et P° rt was *° ^T** 

o/min and through the initiator port at a rate of 3.3 ml mm ^ jty Jhe water be ,ng 

ITslrSTR at a rate of 6.0 ml/min thereby maintaining the leveiin r bywe ight acrylic acid in deion- 

IrnoeS into the C?TR was then replaced by a monomer JjJ^J 6 £ 0 ^rcent) and 42.5 percent 

by weightPEG having M w of 3400 «n *"on«ed^e ; wh.ch w P P discharged into a 40 

data appears in Table 7 below. 
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106 

3,075 
45 

of the present invention before and after a 



Claims 

20 1. 
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30 



(u) initiator, or an aqueous solution thereof, in an effective 



ization of said monomers, and 



izauun wi 

40 ' rent bv weight of a reactive substrate. 

«£«M»d Iron. C.-C. alkyl .»t.rs «< «ryta » 5^f*JT ivlamkle. melhacrylamkle. N-Kcttary- 
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' „. A p—- — — * — - — — — — — - 

2 to 45 minutes. 

about 240°C. 
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of from about 80 to about 240°C. 
17 A procaas as dafcned in any ,~d» -"; ^ •j^5S3SS^I^« 



18. 



^•srci^-^r--^ 
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